Background-The development of disease complications is poorly characterized in pediatric patients with Crohn's disease (CD).
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abscess; fistula; non-inflammatory disease; complicated disease; children; adolescence; outcomes; database; registry; inflammatory bowel disease Abscess, stricture, or fistula development is associated with increased risk for first surgery in pediatric patients with Crohn's disease (CD). 1 The risk for development of these complications is greater in patients who are diagnosed with inflammatory bowel disease (IBD) at an older age (6-17 years) compared with a younger age (0-5 years). 2 Despite the obvious clinical importance of these disease complications in the pediatric population, few studies describe the evolution of disease in patients diagnosed with CD during childhood and adolescence.
Current classification schemes for IBD categorize disease as penetrating disease as soon as penetrating complications appear, even with coexisting strictures, 3 and therefore underestimate the incidence of stricturing disease in patients. Furthermore, reports on the association between disease behavior and future complications are conflicting. 4 To improve our understanding of the progression of disease prior to first surgery in pediatric CD, we retrospectively determined the cumulative incidence of stricturing and penetrating complications of disease and studied the association of disease complications with initial disease location in a large cohort of children and adolescents with CD.
PATIENTS AND METHODS

Patient Population
Enrollment into the Pediatric IBD Consortium Registry began in January, 2000. The Pediatric IBD Consortium consists of the following geographically distinct pediatric centers: 1) UCSF Children's Hospital, San Francisco, and Kaiser Permanente of Northern California; 2) University of Chicago Comer Children's Hospital; 3) Emory University School of Medicine, Egleston Children's Hospital, and Scottish Rite Children's Hospital of Children's Healthcare of Atlanta; 4) Texas Children's Hospital, Baylor College of Medicine; 5) Children's Hospital of Philadelphia; and 6) MassGeneral Hospital for Children, Boston. Each site obtained Institutional Review Board (IRB) approvals for the registry protocol. The registry was established in compliance with the Health Insurance Portability and Accountability Act (HIPAA). Informed consent and assent were obtained from parents and patients prior to entry of patient information into the registry. Appropriate consent as required by each IRB was obtained from all patients enrolled, including assent from patients who were age 7 to 12 years and consent directly from patients who were older than 12 years and from parents for children who were younger than 18 years at the time of enrollment. Details of establishment of the registry, enrollment, and data collection have been previously reported. 5, 6 
Inclusion and Exclusion Criteria
As of November 1, 2003 (data retrieval date), 1736 patients with CD, ulcerative colitis (UC), or indeterminate colitis were enrolled in the Pediatric IBD Consortium Registry. We identified all subjects diagnosed with IBD before 18 years of age who had a diagnosis of CD as of November 1, 2003 ; diagnosis was established between 1979 and this end date. Clinical history, physical examination, endoscopy, histology, and radiology were used to diagnose the type of IBD, as previously described. 5, 6 Day 0 was defined as the date of initial diagnosis of IBD. Study end date for surgical patients was defined as date of first intestinal resection. Study end date for nonsurgical patients was defined as date of the most recent clinic visit if this occurred prior to November 1 2003, or November 1 2003 if the date of the latest clinic visit was after this data retrieval date. Surgical patients were excluded from the analysis if study end date (for surgical patients) was prior or equal to Day 0 (date of initial diagnosis of IBD). In all, 989 pediatric patients with CD met these criteria.
Description of Variables
Intestinal resection was defined as partial small bowel resection, partial colectomy, or total colectomy. Initial IBD diagnosis was defined as the initial classification of IBD, i.e., CD, UC, or indeterminate colitis.
Location of disease (determined ± 3 months from diagnosis date) was designated as 1) small bowel involvement without colon involvement; 2) small bowel and colon involvement; or 3) colon involvement without small bowel involvement. Disease location was established by abnormal pathology or IBD-compatible radiology. Gastroesophageal involvement was not considered in this analysis.
Disease phenotype was defined as inflammatory, stricturing, or penetrating disease. Inflammatory disease referred to nonstricturing and nonpenetrating disease. Stricturing disease referred to the presence of a constant luminal narrowing diagnosed radiologically, endoscopically, or surgically. Penetrating disease referred to radiographic, endoscopic, surgical, or clinical evidence of an abscess or fistula in any location. Complicated disease referred to stricturing or penetrating disease.
Statistical Methods
Kaplan-Meier survival analyses and log-rank tests were used to determine the cumulative incidence of stricturing and penetrating disease and compare time to outcome distributions by initial disease location. All log-rank P-values cited below are based on the entire length of follow-up. However, the figures show these distributions only up to a maximum of the first 10 years of follow-up, with the cumulative incidence of the outcome of interest graphed on the Y-axis.
Registry data were collected and stored in Microsoft Access 2000. Statistical analyses were performed with SAS, v. 9.1, and STATA, v. 9. Statistical significance was defined as Pvalues less than or equal to 0.05.
RESULTS
Demographics
In our cohort of 989 patients with CD, the mean age at diagnosis was 11.5 ± 3.8 (standard deviation) years (range 120 days to 17.9 years), 57.2% were male, and 80.2% were Caucasian. Mean follow-up time was 3.6 ± 3.1 years (1 day to 16.7 years). Median followup time was 2.8 years (95% confidence interval [CI] = 2.5-3.1 years).
Penetrating and Stricturing Complications (Table 1)
The cumulative incidence of development of an abscess was similar to that of fistula at 10 years from the time of diagnosis of disease ( Table 1 ). The cumulative incidence of development of complicated disease was 13.0% at 1 year, 26.7% at 5 years, and 37.9% at 10 years from diagnosis of disease ( Fig. 1 ).
The cumulative incidences of stricturing complications ( Fig. 2A ) and penetrating complications ( Fig. 3A ) at 10 years from the time of diagnosis were 20.5% and 24.5%, respectively. The cumulative incidence of penetrating complications 2 years from the diagnosis of stricturing complications was 13.3% ( Fig. 2B ) and remained stable. The cumulative incidence of stricturing complications 8 years from the diagnosis of penetrating complications was 25.9% ( Fig. 3B ) and remained stable.
Disease Location
Data on disease location were available for 600 patients. Eighty-seven patients had small bowel disease without colonic involvement (SBNC), 369 patients had small bowel and colonic disease (SB&C), and 144 patients had colonic disease without small bowel involvement (CNSB).
The cumulative incidence of abscess development did not differ by initial disease location (P = 0.12). The cumulative incidence of fistula development did not differ by initial disease location (P = 0.15). The cumulative incidence of penetrating disease did not differ by initial disease location (P = 0.13). The cumulative incidence of stricture development following development of penetrating complications did not differ by initial disease location (P = 0.91). The cumulative incidence of penetrating complications following stricture development did not differ by initial disease location (P = 0.63).
The cumulative incidence of stricture development ( Fig. 4 ) differed by initial disease location. The cumulative incidence of complicated disease differed by initial disease location ( Fig. 5 ).
DISCUSSION
In our study, one of the largest pediatric cohorts reported to date, the cumulative incidence of the development of complicated disease in pediatric patients with CD was 13.0%, 26.7%, and 37.9% at 1, 5, and 10 years, respectively, from the time of diagnosis of disease. Our study illustrates that evolution to complicated disease in a pediatric cohort is common.
Few reports describe the evolution of disease in the pediatric population. [7] [8] [9] [10] [11] [12] It is difficult to make direct comparisons of these reports to our study because of different disease classification schemes and approaches to statistical analysis. Regardless, taken together, our studies indicate that the development of stricturing and penetrating disease are important complications of CD diagnosed during childhood and adolescence.
Studies focusing on primarily adult populations also illustrate that evolution of disease is common in CD. 3, 4, 13 Cosnes et al 14 reported that the probability of having inflammatory disease (without complications) at 5 and 20 years after diagnosis was 48% ± 1% and 12% ± 1%, respectively. In contrast, in our pediatric cohort the cumulative probability of remaining free of stricturing or penetrating disease at 5 and 10 years after diagnosis was 73.3% (95% CI = 69.5%-76.8%) and 62.1% (95% CI = 55.3%-68.2%), respectively. In the Cosnes et al cohort, at 5 and 20 years after diagnosis, the risk of stricturing disease alone (not associated with a penetrating complication), was 12% and 18%, respectively. The cumulative incidence of stricturing disease in our pediatric cohort was 13.6% and 20.5% at 5 and 10 years after diagnosis, respectively. It is difficult to make direct comparisons of the development of stricturing disease in these 2 cohorts, as we did not exclude patients from this group who also had a penetrating complication. In the Cosnes et al population, the cumulative incidence of penetrating disease at 5 and 20 years after diagnosis was 40% and 70%, respectively. In our pediatric population, the cumulative incidence was 17.1% at 5 years and 24.5% at 10 years. The cumulative incidence of development of penetrating complications of disease in the Cosnes et al study cohort was higher than our pediatric cohort, possibly reflecting differing phenotypes of disease diagnosed in adulthood compared with childhood and adolescence.
Louis et al 3 reported that 78% of patients with stricturing disease remained stricturing (median follow-up 6.5 years; range 1-32 years). We found that in patients with stricturing disease, patients who had penetrating complications prior to first surgery developed penetrating disease within 2 years of the stricturing complication. The cumulative incidence of penetrating disease prior to first surgery was 13.3% at 2 years from the time of diagnosis of stricturing disease. Furthermore, Louis et al 3 reported that the rate of change from nonstricturing, nonpenetrating disease to stricturing or penetrating disease was stable at approximately 25%-33% every 5 years. In contrast, the cumulative incidence of development of complicated disease in our cohort increased from 26.7% at 5 years to 37.9% at 10 years from the time of diagnosis of disease.
Disease Location
Studies have reported associations between small bowel disease and stricturing complications 13, 14 and between colonic disease and penetrating complications. 3, 15 Others have reported an association between stricturing/penetrating disease complications and small bowel CD and between inflammatory disease and colonic CD. 4, 12 Smith et al 4 reported that progression to more severe disease was associated with small bowel disease (irrespective of associated colonic lesions), while, conversely, colonic disease was associated with the least progression to more severe disease. Similarly in our cohort, the cumulative incidence at 1, 5, and 10 years of complicated disease was lower in patients with colonic disease compared with patients with small bowel disease or small bowel disease combined with colonic disease.
In a cohort of 169 patients with CD diagnosed between 1970 and 1993, Schwartz et al 16 found the cumulative incidence of at least 1 fistula (any location) after 1 year was 21%, after 5 years was 26%, after 10 years was 33%, and after 20 years was 50%. The cumulative incidence at 10 years of any fistula in our cohort was 18.7%, lower than the Schwartz et al population. Schwartz et al reported that the cumulative risk of at least 1 perianal fistula was 12% after 1 year, 15% after 5 years, 21% after 10 years, and 26% after 20 years. In contrast, in our cohort the cumulative incidence of perianal fistula was 2.2% at 1 year, 5.0% at 5 years, and 9.4% at 10 years. These observed differences in the incidence of any fistula and perianal fistula in the Schwartz et al population compared with ours may reflect that the Schwartz et al population included both adult and pediatric patients, while our population was a defined pediatric cohort. Schwartz et al reported that 9% of fistulizing episodes were rectovaginal fistulas and 3% were enterovesical. Although we cannot make direct comparisons to our study because of different approaches to statistical analysis, the cumulative incidence of rectovaginal fistula and rectovesical fistula in our cohort was low: 1.4% and 1.0%, respectively, at 10 years from the time of diagnosis.
Classification of Disease
The Montreal classification system allows for disease diagnosed in patients less than age 16 years to be classified as a separate category. 17 Studies in pediatric patients have suggested early onset disease (age 0-5 years) may represent a different disease phenotype. 5, 18, 19 In a previous study, we found that children who are older at diagnosis (6-17 years) are at higher risk for the development of complicated disease compared with children who are younger at diagnosis (0-5 years). 2 Therefore, adjusting the classification system further to create an age category for patients diagnosed at 0-5 years may be beneficial.
A hierarchy for disease behavior exists for stricturing and penetrating complications. 3 If a penetrating complication is present, disease is classified as penetrating even in the presence of coexisting strictures. Reports on the association between disease behavior and future complications are conflicting. 4 Our data show that development of stricturing disease commonly follows development of penetrating disease. It may be helpful to revise the classification system such that hierarchical rules are not in place, and classification as stricturing or penetrating disease is not mutually exclusive.
Limitations
The main limitations of this study include those that are inherent to conducting a retrospective, secondary database analysis in tertiary care referral centers and affiliated centers. Although our study is not population-based, almost all pediatric patients with chronic disease including CD are followed by pediatric specialists in major regional medical centers such as those represented by the Consortium. Inaccurate codings are inherent in data collection and storage and can influence the results; however, these limitations will most likely bias our results toward the null hypothesis secondary to nondifferential misclassification. Complete data on disease location are missing for some of our patients. Although our findings regarding associations between the development of disease complications and initial disease location are similar to previous reports in the literature, prospective longitudinal studies that minimize missing data are needed. While the total number of subjects declines with time, primarily due to transition to adult care, the statistical models take this into account, emphasizing the earlier part of the models when the numbers are larger. Furthermore, the sample size of our cohort is one of the largest populations of pediatric patients with CD reported to date.
SUMMARY AND CONCLUSIONS
Development of complicated disease prior to first surgery is common in pediatric patients with CD. Small bowel disease and small bowel/colonic disease are more commonly associated with the development of complicated disease behavior than isolated colonic disease. The cumulative incidence of the development of stricturing and penetrating complications of disease is similar. The high rate of stricturing disease (prior to first surgery) in the first 1-2 years following the diagnosis of penetrating disease and penetrating disease in the first 1-2 years (prior to first surgery) following the diagnosis of stricturing disease suggests that more aggressive management at the time of diagnosis of the first complication should be considered. Adjusting current classification schemes to create additional age categories within the pediatric age group and to exclude hierarchical rules for categorization of disease complications may improve characterization of disease diagnosed in the pediatric population. Future prospective studies are required to identify genetic and serologic markers that predict a patient's increased risk for the development of these complications and to develop optimal treatment strategies. Cumulative incidence of complicated disease from the time of diagnosis of disease. The Kaplan-Meier curve shows the cumulative incidence of complicated disease from the time of diagnosis of disease. The cumulative incidence of complicated disease behavior at 1, 5, and 10 years from diagnosis was 13.0% (95% CI = 11.0%-15.4%), 26.7% (23.3%-30.5%), and 37.9% (31.8%-44.7%). (A) Cumulative incidence of stricturing disease from the time of diagnosis of disease. The Kaplan-Meier curve shows the cumulative incidence of stricturing disease from the time of diagnosis of disease. The cumulative incidence of stricturing disease at 1, 5, and 10 years from diagnosis was 5.5% (95% CI = 4.3%-7.2%), 13.6% (10.9%-16.9%), and 20.5% (15.4%-26.9%). (B) Cumulative incidence of penetrating complications from the time of diagnosis of stricturing complications of disease. The Kaplan-Meier curve shows the cumulative incidence of penetrating complications from the time of diagnosis of stricturing complications of disease. The cumulative incidence of penetrating complications at 1 and 2 years from the time of diagnosis of stricturing disease was 6.1% (95% CI = 2.3%-15.6%) and 13.3% (6.4%-26.5%). (A) Cumulative incidence of penetrating disease from the time of diagnosis of disease. The Kaplan-Meier curve shows the cumulative incidence of penetrating disease from the time of diagnosis of disease. The cumulative incidence of penetrating disease at 1, 5, and 10 years from diagnosis was 8.2% (95% CI = 6.6%-10.2%), 17.1% (14.3%-20.4%), and 24.5% (19.7%-30.3%). (B) Cumulative incidence of stricturing complications from the time of diagnosis of penetrating complications of disease. The Kaplan-Meier curve shows the cumulative incidence of stricturing complications from the time of diagnosis of penetrating complications of disease. The cumulative incidence of stricturing complications at 1, 5, and 8 years from diagnosis of penetrating disease was 8.0% (95% CI = 3.9%-16.1%), 15.3% (7.9%-28.5%), and 25.9% (10.9%-54.2%). Cumulative incidence of stricture development by initial disease location. The Kaplan-Meier curve shows the cumulative incidence of stricture development from the time of diagnosis by initial disease location. The cumulative incidence of stricture development differs by location (P = 0.02). The cumulative incidence of stricture development in small bowel (no colon) disease at 1, 5, and 10 years from the time of diagnosis was 5.9% (95% CI = 2.5%-13.6%), 12.9% (6.1%-25.9%), and 39.3% (14.1%-80.6%). The cumulative incidence of stricture development in small bowel and colon disease at 1, 5, and 10 years from the time of diagnosis was 6.4% (95% CI = 4.2%-9.6%), 17.1% (12.1%-23.8%), and 18.7% (13.1%-26.3%). The cumulative incidence of stricture development in colon (no small bowel) disease at 1, 5, and 10 years from the time of diagnosis was 1.5% (95% CI = 0.4%-5.9%), 7.7% (3.4%-17.1%), and 11.4% (4.9%-25.0%). Small bowel no colon (SBNC); small bowel and colon (SB&C); colon, no small bowel (CNSB). Cumulative incidence of the development of complicated disease by initial disease location.
The Kaplan-Meier curve shows the cumulative incidence of the development of complicated disease from the time of diagnosis by initial disease location. The cumulative incidence of development of complicated disease differs by location (P = 0.009). The cumulative incidence of development of complicated disease in small bowel (no colon) disease at 1, 5, and 10 years from the time of diagnosis was 16.6% (95% CI = 10.2%-26.4%), 33.5% (22.6%-47.7%), and 57.7% (33.5%-83.6%). The cumulative incidence of development of complicated disease in small bowel and colon disease at 1, 5, and 10 years from the time of diagnosis was 14.5% (95% CI = 11.2%-18.7%), 33.6% (26.9%-41.4%), and 42.5% (32.9%-53.7%). The cumulative incidence of development of complicated disease in colon (no small bowel) disease at 1, 5, and 10 years from the time of diagnosis was 8.1% (95% CI = 4.6%-14.1%), 17.8% (11.4%-27.1%), and 22.4% (14.4%-33.8%). Small bowel no colon (SBNC); small bowel and colon (SB&C); colon, no small bowel (CNSB). 
